Abstract. This paper proposes a method to compare the marks of two bullet heads. First of all, the correction algorithm of the bullet head marks and the denoising model of the matrix low rank decomposition are proposed for the translation and rotation errors of the measured data. Finally, the method to compare the marks of two bullet heads is proposed based on the definition of the similarity of the matrix and the method of sequence alignment.
Introduction
In the practice of public security, it is often necessary to judge whether the two bullets are shot by the same gun according to the marks on the bullet heads. The traditional method of judgment is of low efficiency, because the sample is not easy to be preserved, and it is greatly influenced by human factors. The modern high-precision data acquisition equipment and auto-comparison method can improve the accuracy of determining whether the two bullet heads are shot by the same gun, as compared to the traditional method.
Basic Assumptions
1. It is assumed that the bullet head is a cylinder with a diameter of 7.90mm and a length of 12mm. In the course of the shot, the bullet head will not deform except for the scratch, and it will keep the original posture of the cylinder.
2.When the dimensional data of the bullet head marks is collected, the cylinder center line of the bullet head is parallel to the base plane, y axis is parallel to the direction of scratches. When the dimensional data of the same curve traces is collected, the fixed shape of the bullet head does not change.
3. When the bullet head is adjusted artificially, there is a translation error of 0.03mm and a rotation error of 0.2.The change caused by the rotation error is directly equivalent to the change of x ,which is plane coordinate of xoy . It is considered that the z does not change. 4. For the name of subfile in the data file, 1 c 2 c 3 c 4 c are the fixed number of the four edges of the same bullet head. The fixed order is the reverse clockwise when looking at the head from the bottom of the bullet head .
Problem Solving

Deal with measurement error
When collecting 3D data of bullet head marks, the base plane measured is xoy plane of the space rectangular coordinate fixed on the measuring equipment. The z axis is perpendicular to the coordinate plane xoy and points to the outer surface direction of the bullet head. The actual measurement data show the three-dimensional coordinates on the surrounding surface of the scratched bullet head. It is difficult to make the two bullet heads measured in the same position and the same posture because of the manual adjustment of the sensors and bullet head, which will result in the measurement error. It usually causes the translation error of 0.03mm and the rotation error of 0. are the points in the space. When there is a translation error, only y will change, x and will not change. When there is a rotation error, only y will change, x and z will not change. The observed part takes a small proportion of the whole circle area,and the observed part is approximately in a plane, it is assumed that the rotation error only causes the change of the x , but the z remains unchanged. Considering the translation error and the rotation error, it is known that the translation and rotation will change the x or y in the space, and the z can be considered not to change. In order to compare the No. 1 bullet head and the No. 2 bullet head, the mark coordinates of one of the bullet heads are required to be moved left and right, back and forth. The specific steps are shown in algorithm 1 and algorithm 2. Algorithm 1. The maximum unit number of the translation of the bullet head mark coordinates.
Step1. Obtain the matrix Z corresponding to the z axis coordinates according to the measured data. The relationship of ) , , (
in the measured data is as follows:
Step2. Determine the rows  of the translation of a matrix Z caused by a rotation. The diameter of the bullet head is 7.90mm, so the arc length corresponding to the 0.2 o is 360
ceiling is the infinite integral. Step3. Determine the number of columns of the translation of the matrix Z caused by the left and right translation  .
Algorithm 2. Comparison of bullet head marks
Step1.Determine the 1 Z and 2 Z , which are the coordinate matrix of z axis of the two bullet heads according to algorithm 1.
Step2.Take partial matrix of 1
Step4.Output the best result of Step 3. Summary. This solution puts forward the correction algorithm of bullet head marks for the translation and rotation error of measured data, so that the two bullet heads can be compared in the same position and the same posture.
Denoising model.Analysis and scheme determination
Due to the damage, rust, grease and impurities and marks that are generated randomly, there will be data error and noise. The bullet head marks are divided according to their x axis or y axis . Obviously, most of the curves have similar posture ,which can be seen in Fig.1~4 (771-1811345) and Fig.5~8  (771-1923252) . This means that most rows or columns of matrix Z have similarity. In another way, the matrix Z is a low rank or an approximate low rank matrix. In this study, the matrix low rank decomposition method is used to denoise [1, 2] .
Low rank decomposition model of matrix is 
Then likelihood function is [3] . 2
It is further presumed again that 2 2    ij , so the log-likelihood function is In order to obtain the optimal low rank decomposition of the matrix, the following optimization problem should be solved
The optimization problem above is equivalent to
The low rank decomposition of a matrix can usually be obtained by the singular value decomposition of the shear matrix. The singular value decomposition of a matrix can be seen in Theorem 1.
Theorem 1 If the rank of matrix
diagonal matrix, and 0 ... If the optimal low rank matrix of r is approximate
The measurement matrix Z has noise, so it is an approximate low rank. In this paper, the energy of the matrix is used to obtain the rank r .For example, the smallest r can be selected, so that . 1. The coordinates of the z are extracted from the two groups of data.
The matrix
Z is generated by the coordinates of the z . 3. The singular value decomposition is carried out for each matrix Z , and the rank r is determined according to the percentage of the retained energy.
4. The low rank approximation of the matrix Z is determined by rank r . The generating diagram of the row of the matrix Z before and after denoising can be seen in Fig9~12 and Fig13~16. As noted from the diagram, the image after denoising is smoother, so the singular matrix decomposition method has a remarkable denoising effect. This singular matrix decomposition denoising method lays a foundation to accurately solving the third problem and the fourth problem.
Summary: In this study, a de-noising model based on matrix low rank decomposition is proposed because of the noise in the measured data. It can be observed from the diagram that the image after denoising is more smooth, so this method can achieve a remarkable denoising effect .
The analysis and establishment of model for the comparison of marks
In order to find out all the lines and marks on the bullet head,it is required to compare whether the partial lines on a certain strip mark are corresponded,and whether they have the same direction and similar outline. In addition, it is required to make a further contrast on the depth of the marks.
The rifling marks on a same bullet head may not be completely damaged. Line features which are small, relatively stable and clear can always be found in a line mark or a small area. After a comparison of high magnification, if the small features are all highly consistent, it can be determined whether the two bullets are shot by the same gun.The process of feature extraction is as follow:
(1) Use the data of which the file name begins with 77 to extract matrix Z : Make
The similarity of the matrix A and matrix B can be defined as
Obviously, when B A  , the best result of similarity is 1. In the matrix contrast of each order, four similarities can be obtained. For four similarities, the average value of the maximum 3 similarity is taken as the total similarity. The final similarity of the two bullet head marks is based on the optimal similarity of these four orders. The comparison algorithm is as follow. . Step4 Choose the optimal comparison matric according to the algorithm 2 (the dimension of the matrix is not consistent, so it cannot be applied directly).
Conclusions
According to the experimental results, the method to compare the marks of two bullet heads is obtained based on the similarity of matrix and the method of sequence comparison. Finally, the complete comparison scheme and algorithm are summarized. The experimental results can be seen in Table I . The experimental results show the effectiveness and feasibility of the proposed method.
